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Abstract

The Motional Stark Effect (MSE) diagnostic is unique in its ability to measure the current
profile and will be essential in ITER for detailed analysis of Advanced Tokamak (AT)
and other types of discharges. However, design of a MSE diagnostic for ITER presents
many unique challenges. Among these is optical analysis for the convoluted optical path,
required for effective neutron shielding, that employs several reflective optics arranged to
form a labyrinth. The geometry of the diagnostic has been laid out and the expected
Doppler shifts and channel resolution calculated. A model of the optical train has also
been developed based on the Mueller matrix formalism. Unfolding the pitch angle for this
complicated geometry is not straightforward and possible methods are evaluated. The
CORSICA code is used to model a variety of ITER discharges including start-up, Ip-
ramp and reverse shear. The code also incorporates a synthetic MSE diagnostic that can
be used to evaluate different viewing locations and optimize channel locations for the
above discharges. Simulation of the optical emission spectrum is also underway.

1. Introduction

Operation of the ITER experiment requires instrumentation capable of surviving
the high level of neutron fluence accumulated during the duration of operation to meet its
design goals. It is likely that DD and DT operation will begin as early as possible to
explore issues surrounding burning plasma operation. For this reason, the successful
operation of instrumentation systems must be critically analyzed before installation and
certainly prior to the intense neutron environment expected. We are beginning to explore
issues associated with the measurement capabilities of several instrumentation systems to
help understand and guarantee the utility of diagnostics and measurements throughout the
life of ITER spanning several modes of operation. Particular challenges are expected to
arise for advanced tokamak operations scenarios that may involve detailed measurement
and control of current density profiles to achieved enhanced performance parameters and
high-B operation. It is anticipated that a variety of scenarios will include regions with
high parameter gradients such as presently observed in discharges with internal transport
barriers and in H-mode edge pedestals. On the DIII-D experiment, our MSE diagnostic
[1] has been invaluable for determining the equilibrium in high-p discharges, for
accessing current-profile-controlled scenarios and, more recently, for observation and
measurement of poloidal field fluctuations resulting from MHD activity [2]. In order to
extrapolate to ITER operations, we are exploring these issues and capabilities of such an
MSE diagnostic [3] via plasma simulation methods.

2. CORSICA transport and diagnostic modeling

We use the CORSICA code [4] to explore various operating scenarios for existing
and future experiments. CORSICA is a predictive, time-dependent, 2D-equilibrium and
1D-transport code that has been used extensively to model and design DIII-D
experiments [5,6]. It has also been used to explore operations scenarios for ITER , FIRE

This work was performed under the auspices of the U.S. Department of Energy by the University of
California, Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48



and KSTAR [7]. The equilibrium package [8] embedded in CORSICA was used
extensively during design of the poloidal field system for ITER. This free-boundary
equilibrium solver is integrated with the transport modeling capabilities within
CORSICA to provide the capability for full discharge simulations involving time-
evolution of the plasma shape, current density (magnetic field) and kinetic profiles. Both
standard reference case and transport barrier scenarios for ITER have been simulated. We
have recently added synthetic diagnostic capabilities that allow us to explore issues
surrounding the ability of various measurement techniques to resolve plasma profiles in
the presence of noisy measurements.

3. MSE modeling

We implemented an initial capability to simulate MSE data for these time-
evolving discharge simulations. The design of and MSE instrument for ITER is being
extensively studied and we have implemented a currently available description of such an
instrument [3]. Simulations presented here use the geometry representative of an
instrument viewing the heating neutral beam HNB4 from Port 3 [9]. We assume a
ScmXScm rectangular area is viewed (spatial resolution) with a depth of view of 50cm
given approximately by the neutral beam width (a photon emission source from a 1250 cc
volume) with a distance from the source to the detector of Sm to estimate the solid angle
viewed. Currently we have included no polarization changes or losses that would result
from the mirror labyrinth required on ITER. For data representative of an MSE
measurement, we simulate quadrature detection of the sigma line component consistent
with the measurement technique using PEMs on DIIID. This synthetic diagnostic
technique provides the ability to explore operation of the instrument and its capability for
resolving the current density using noisy measurements of the magnetic field pitch angle.
Most diagnostic and neutral beam injection parameters are readily changed from the user
interface either prior to or during a simulation or with post processor scripts. We can thus
study MSE design issues such as the effects of various neutral beam and diagnostic
geometry trade-offs that will be necessitated by the unique problems associated with the
size of ITER and shielding from the neutron flux. These limitations, due to the nature of
the ITER device, result in unavoidable compromises to the measurements possible. With
the transport simulations coupled to the synthetic diagnostic, the consequences of these
trade-offs can be explored with realistic data simulations.

4. Simulation results

Time-dependent simulations that explore shape evolution, X-point formation and
flat-top burn conditions are run with the MSE diagnostic available. In these simulations,
we employ a model for thermal transport based on the GLF23 [10] transport model in the
core region with reduced transport at the plasma edge (where the GLF23 model is not yet
applicable) to generate pedestal formation for H-mode-like conditions or to create an
internal transport barrier. These simulations provide current density profile evolution
consistent with this model for evolution of discharge parameters. For these simulations,
except for the alpha particles, we have not included particle transport but rather prescribe
an H-mode-like electron density profile. The alpha particle density is evolved using a rate
equation to provide buildup plus a diffusion model to limit the of the alpha particle
population. The neutral beam injection, specified for ITER [9] as two beam modules at



1MeV each providing 16.5MW of power injected tangentially to the major radius along
the reference beam line, is provided by a Monte-Carlo deposition model [11] to give the
buildup of beam densities, current drive and heating during plasma evolution. Interaction
of beam particles with the background electrons provides the source of photons needed
for an MSE measurement. Currently, we use a simple model for the source of photon flux
by scaling the product of the neutral beam and electron densities consistent with the
observed flux on DIII-D. A more detailed model will be incorporated in future work.

We show in Figure 1 time histories for an ITER simulation for an AT plasma with
an internal transport barrier formed at about 130 s into the pulse representative of a
P ,~170MW ITER discharge. We show in Figure 2 the detected pitch angles from our
synthetic MSE instrument during the flattop burn conditions (350s) for this simulated
discharge. We have simulated the noise consistent with photon statistics, namely noise
proportional to the square root of the photon flux. We note that, for this particular
viewing and neutral beam geometry, we obtain relatively good measurements of the pitch
angle in the core region. Near the edge, however, for the beam injection parameters and
plasma conditions simulated, the pitch angle measurements are consistently poor at larger
radii. This is due to the low signal components resulting from the lack of beam density
near the edge. Statistics associated with the ratio of noise-corrupted intensities used in the
tangent function results in the noisy measurement characteristics at low signal strength.
The quality of such measurements is obviously dependent on the plasma discharge
conditions and both the neutral beam injection and MSE viewing geometries. We now
have the capability to explore these issues in time-dependent-simulated plasmas with the
intent of optimizing the information achieved from such an instrument on ITER.

In the future, we will be improving on the model for the source of MSE photons,
adding the spectral characteristics and spatial averaging effects, and providing
simulations of the detailed optical components. These simulations will be used to explore
both optimization of the diagnostic operation and prediction of the current measurement
capabilities for a variety of operations scenarios anticipated for ITER. We are currently
developing the capability for utilizing CORSICA in plasma control system applications
to allow us to explore the possibility for MSE-based current profile control applications
for ITER.
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Figure 1. ITER internal transport barrier simulation showing (a) time histories of the

heating powers and (b) time variation of the separatricies with the MSE detector locations
indicated.
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Figure 2. Simulation results at t=350s for the ITB discharge simulation: (a) electron and
beam densities, (b) simulated intensities detected of both signal and signal+noise, sin and
cosine components and (c¢) true and measured pitch angles indicating good measurement
capabilities in the core but poorer performance at the edge with low photon intensity .



